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(54) STRUCTURE OF SLIDING SECTION AND STRUCTURE OF SLIDING SECTION 
FOR STIRLING ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate assembling, 
reduce an output loss, pemiit the restriction of 
damage on the surface of a sliding section, provide a 
stabilized high performance, realize the elongation of 
a life and, further, eliminate the gas bearing pad or 
the orifice of the sliding section, simplify the parts, 
and reduce the cost as well as the input of an 
external power, in the structure of sliding section for 
Stirling engine or the like. 

SOLUTION: The configurations 2a of end parts of 
sectional surfaces of sliding parts or parts engaged 
with the sliding parts are provided with a curvature 
while the configurations 2a of ends of sectional 
surfaces of a piston 1, a piston side cylinder 3, a 

displacer 4, a displacer side cylinder 5, a displacer rod 6 and a piston hole 7 are provided 
respectively with the same curvature. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 



http://wwwl9apdLncipi.gojp/PAl/result/detail/main/wAAA58aqLZDA4 1/12/2006 



Searching PAJ 



Page 2 of 2 



application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdLncipi.gojp/PAl/result/detail/main/wAAA58aqLZDA4 1/12/2006 



JP,2002-089985,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible £or any 
daxaages caused by the use o£ tills translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Sliding section structure characterized by the cross-section end shape of the components 
which fit into a moving part or a moving part having curvature in a fitting side in sliding section 
structures, such as the Stirling engine. 

[Claim 2] Sliding section structure according to claim 1 characterized by said moving part being a 
piston. 

[Claim 3] Sliding section structure according to claim 1 characterized by the components which fit 
into said moving part being cylinders. 

[Claim 4] Sliding section stmcture according to claim 1 where a cross-section end shape with the 
components which fit into said moving part and said moving part is characterized by having the 
same curvature in a fitting side. 

[Claim 5] The displacer which reciprocates the inside of a displacer side cylinder while driving the 
inside of a piston side cylinder by work of the working mediimi which compresses and expands by 
motion of the reciprocating piston and said piston, The displacer rod which penetrates the hole 
formed in said piston while being fixed to said displacer, An opposite-with said piston of said 
displacer side compression space to the opposite side between a preparation, and said displacer and 
said piston expansion space In the Stirling engine sealed and formed so that an opposite-with said 
displacer of said piston side might have tooth-back space in the opposite side Said piston, said piston 
side cylinder, said displacer, said displacer side cylinder, said displacer rod, the Stirling engine 
characterized by at least one cross-section end shape having curvature in a fitting side among said 
piston holes. 

[Claim 6] The Stirling engine according to claim 5 characterized by a cross-section end shape having 
the same curvature in a fitting side in the pair of said piston and said piston side cylinder, the pair of 
said displacer and said displacer side cylinder, and the pair of a pair of either of said displacer rods 
and said piston holes. 

[Claim 7] Said piston, said piston side cylinder, said displacer, said displacer side cylinder, said 
displacer rod, the Stirling engine according to claim 5 characterized by the cross-section end shape 
of the gas bearing pad prepared in at least one of said piston holes having curvature. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 1/12/2006 



JP,2002-089985,A [DETAILED DESCRIPTION] 



Page 1 of 5 



* NOTICES * 



JPO and NCIPI are not, responsible for any 
damages caused by the use of this trsuislation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to sliding section structure and the Stirling engine's 

sliding section structure. 

[0002] 

[Description of the Prior Art] The cross-sectional view of the conventional free-piston mold Sterling 
refregerator is shown in drawing 12 . Free-piston mold Sterling refregerator 19 By arranging a piston 
1 and a displacer 4 in each space of the piston side cylinder 3 which has cylinder-Uke space inside, 
and the displacer side cylinder 5 While forming a regenerator 1 1 between the compression space 9 
and the expansion space 10 which were formed in said space, constituting a closed space and filling 
up the building envelope of free-piston mold Sterling refregerator 19 with working medium, such as 
gaseous helium A piston 1 is made to reciprocate to shaft orientations with extemal power, such as a 
linear motor (un-illustrating). 

[0003] The reciprocating motion of a piston 1 makes a displacer 4 produce the reciprocating motion 
of periodic shaft orientations by flow rate change of the gas which passes a regenerator 1 1 while 
bringing periodic pressure variation to the working medium enclosed with actuation space (the 
compression space 9 and expansion space 10). With the spring 12 connected between the other ends 
of the displacer rod ,6 and the cylinder internal surfaces 1 8 which penetrate a piston 1 , a displacer 4 
maintains phase contrast predetermined with a piston 1 and this period, and reciprocates the inside of 
the displacer side cylinder 5 to shaft orientations while being fixed to the end of the displacer rod 6. 
When a displacer 4 and a piston 1 maintain suitable phase contrast and reciprocate, the working 
medium enclosed with said actuation space constitutes a known thermodynamic cycle as a reverse 
Stirling cycle, and generates cold energy mainly to the expansion space 10. 
[0004] Below, the principle is explained briefly. In case it moves to the expansion space 10 via a 
regenerator 11, reception precooling of the working medium in the compression space 9 compressed 
by the piston 1 is carried out in the cold energy which the regenerator 1 1 was storing before ttie half 
cycle. At this time, heat is mainly emitted outside through the elevated-temperature side heat 
exchanger 13 and a radiator 14. If a great portion of working medium flows into the expansion space 
10, expansion will start, and working medium goes into the compression space 9, emitting cold 
energy to a regenerator 1 1 by the reverse order. At this time, heat is mainly taken from the exterior 
through the low temperature side heat exchanger 15 and a heat sink 16, and the exterior is cooled. 
Then, if a great portion of working medium retums to the compression space 9, compression will 
start again and it will shift to the following cycle. Very low temperature cold energy can be obtained 
by repeating the above cycles continuously. 

[0005] Next, sliding section structures, such as the conventional Stirling engine, are explained. 
Drawing 13 is the cross-sectional view of the conventional piston. Cross-section end-shape 2b of a 
piston 1 is right-angled. Drawing 14 is the cross-sectional view of other conventional pistons. Cross- 
section end-shape 2c of a piston 1 is beveled. In addition, it is right-angled similarly about a piston 
side cylinder [ which are the components which fit into other moving parts or moving parts ], and 
displacer side, and displacer side cylinder, a displacer rod, and the cross-section end shape of the 
piston bore section, or has beveled. 

[0006] Moreover, a gas bearing, i.e., gas bearing, may be used for the fitting sections, such as a 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/12/2006 



JP,2002-089985,A [DETAILED DESCRIPTION] 



Page 2 of 5 



piston, a piston side cylinder, a displacer and a displacer side cylinder, and a displacer rod and a 

— piston holer The cross-sectional view of the piston side cylinder which prepared a conventional- 

piston and a conventional gas bearing pad in drawing 15 R> 5 is shown. Cross-section end-shape 2b 
of gas bearing pad 8b prepared in the piston side cylinder 3 is right-angled. In addition, cross-section 
end-shape 2b may bevel like cross-section end-shape 2c of the piston 1 of drawing 14 . 
[0007] And by forming an orifice 17 in the interior of gas bearing pad 8b, and supplying gas towards 
a piston 1 from an orifice 17, the surfacing force arises at a piston 1 and, as a result, a piston 1 and 
the piston side cylinder 3 will be in a non-contact condition or a light load condition. Since the 
frictional force by contact in a piston 1 and the piston side cylinder 3 is lost or it becomes small by 
that cause in case a piston 1 sUdes, the input loss fall of extemal power, such as a linear motor, the 
improvement in an output, etc. are attained. This can take the same structure also in the combination 
of a displacer 4, the displacer side cylinder 5 and the displacer rod 6, and the piston hole 7. 
[0008] Thus, in a free-piston mold Sterling refregerator, when making it a load not appUed to the 
sliding section, an input loss fall and the improvement in an ou^ut are attained, and the endurance of 
the sliding section, i.e., the life of a refrigerator, improves. 
[0009] 

[Problem(s) to be Solved by the Invention] However, although the sliding section can be operated 
with non-contact or a light load according to effectiveness, such as gas bearing, with the components 
structure of the conventional sliding section mentioned above at the time of stable operation When a 
horizontal load arises [ each part article ] working to the time of initiation of operation, the case 
where an inclination arises in each moving part according to disturbance etc., or the sliding direction 
and a sliding part contacts suddenly A great quantity of loads are applied especially to an end of part, 
it has a bad influence on a situation of operation, and the problem of an increment, i.e., the 
performance degradation, of a loss occurs. In addition to it, a serious damage is given to a sliding 
section front face, and a blemish and wear powder are generated. Moreover, when thin film surface 
treatment, such as plating and coating, is used for the sliding section, they exfoliate, and the life of a 
refrigerator falls. 

[0010] Furthermore, in components shaping, in order that it may be easy to generate weld flash in an 
end of part and an end of part may rise with surface tension etc. in thin film surface treatment 
(plating, a resin coat, a PVD coat, CVD coat, etc.), an end of part becomes the configuration which is 
further easy to carry out stress concentration. 

[001 1] Moreover, the path clearance of the fitting section of the sliding section is sometimes as small 
as about dozens of micrometers with the specification of a product. In this case, fitting location 
****** at the time of an assembly is difficult, and there is a problem which damages especially each 
part article edge. 

[0012] In view of the above-mentioned trouble, it is e£isy to assemble this invention, and it aims at 
offering the sliding section structure of realizing reinforcement, and the Stirling engine's sliding 
section structure while an output loss is small, can control the damage to a sliding section front face, 
is stabilized and has the high engine performance. Furthermore, this invention loses a gas bearing 
pad and an orifice, makes simplification of components, and cost reduction possible, consequently 
since the gas supply from an orifice becomes unnecessary and the input of extemal power can be 
made small, it aims at the improvement in the engine performance as a product offer sliding section 
structure and the Stirling engine sliding section structure. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, with the sliding 
section structure concerning this invention, and the Stirling engine's sliding section stmcture, 1st 
invention is characterized by the cross-section end shape of the components which fit into a moving 
part or a moving part having ciuvature in a fitting side in sliding section stmctures, such as the 
Stirling engine. 

[0014] 2nd invention is characterized by said moving part being a piston. 

[0015] 3rd invention is characterized by the components which fit into said moving part being 

cylinders. 

[0016] 4th invention is characterized by a cross-section end shape with the components which fit 
into said moving part and said moving part having the same curvature in a fitting side. 
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[0017] The piston at which the 5th invention reciprocates the inside of a piston side cylinder, The 

displaeer which reciprocates the inside of a displacer side cylinder-while-driving-by work-of the 

working medium which compresses and expands by motion of said piston, The displacer rod which 
penetrates the hole formed in said piston while being fixed to said displacer. An opposite-with said 
piston of said displacer side compression space to the opposite side between a preparation, and said 
displacer and said piston expansion space In the Stirling engine sealed and formed so that an 
opposite-with said displacer of said piston side might have tooth-back space in the opposite side At 
least one cross-section end shape is characterized by having curvature in a fitting side among said 
piston, said piston side cylinder, said displacer, said displacer side cyUnder, said displacer rod, and 
said piston hole. 

[0018] 6th invention is characterized by a cross-section end shape having the same curvature in a 
fitting side in the pair of said piston and said piston side cylinder, the pair of said displacer and said 
displacer side cylinder, and the pair of a pair of either of said displacer rods and said piston holes. 
[0019] 7th invention is characterized by the cross-section end shape of said piston, said piston side 
cylinder, said displacer, said displacer side cylinder, said displacer rod, and the gas bearing pad 
prepared in at least one of said piston holes having curvature. 
[0020] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with 
reference to a drawing. In addition, the sign conventionally same about elegance and the components 
of a common application is attached, and the detailed explanation is omitted. 
[0021] « — 1st operation gestalt» — drawing 1 is the piston of the 1st operation gestalt, and the 
cross-sectional view of a piston side cylinder. As for the piston 1 arranged in the interior of the 
piston side cylinder 3, cross-section end-shape 2a has curvature. 

[0022] « — 2nd operation gestalt» — drawing 2 is the piston of the 2nd operation gestalt, and the 
cross-sectional view of a piston side cylinder. As for the piston side cylinder 3 which arranged the 
piston 1, cross-section end-shape 2a has curvature in the fitting side. 

[0023] « — 3rd operation gestalt» — drawing 3 is the piston of the 3rd operation gestalt, and the 
cross-sectional view of a piston side cylinder. As for the piston 1 and the piston side cylinder 3, 
cross-section end-shape 2a has the same curvature in the fitting side. 

[0024] « — 4th operation gestalt» — drawing 4 is the displacer of the 4th operation gestalt, a 
displacer rod, and the cross-sectional view of a displacer side cylinder. As for the displacer 4 
arranged in the interior of the displacer side cylinder 5, cross-section end-shape 2a has curvature. 
[0025] « — 5th operation gestalt» — drawing 5 is the displacer of the 5th operation gestalt, a 
displacer rod, and the cross-sectional view of a displacer side cylinder. As for the displacer side 
cylinder 5 which arranged the displacer 4, cross-section end-shape 2a has curvature in the fitting 
side. 

[0026] « — 6th operation gestalt» — drawing 6 is the displacer of the 6th operation gestalt, a 
displacer rod, and the cross-sectional view of a displacer side cylinder. As for the displacer 4 and the 
displacer side cylinder 5, cross-section end-shape 2a has the same curvature in the fitting side. 
[0027] « — 7th operation gestalt» — drawing 7 is the displacer of the 7th operation gestalt, a 
displacer rod, and the cross-sectional view of a piston. A displacer 4 is fixed to the end of the 
displacer rod 6, and, as for the other end of the displacer rod 6 which penetrates the piston hole 7, 
cross-section end-shape 2a has curvature. 

[0028] « — 8th operation gestalt» — drawing 8 is the displacer of the 8th operation gestalt, a 
displacer rod, and the cross-sectional view of a piston. A displacer 4 is fixed to the end of the 
displacer rod 6, and, as for the piston hole 7 which the displacer rod 6 penetrates, cross-section end- 
shape 2a has curvature. 

[0029] « - 9th operation gestalt» - drawing 9 is the displacer of the 9th operation gestalt, a 
displacer rod, and the cross-sectional view of a piston. A displacer 4 is fixed to the end of the 
displacer rod 6, and, as for the other end of the displacer rod 6 which penetrates the piston hole 7 and 
the piston hole 7, cross-section end-shape 2a has the same curvature. 

[0030] the 1- in the 9th operation gestalt, the cross-section end shape with the curvature of the 
components which fit into each moving part or a moving part is formed in one side or both sides by 
the sliding range or the approach of assembling. That is, what is necessary is just to prepare 
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curvature in the edge of the components which fit into the moving part or moving part which 

'^contacts at the time of sUding and an assemblyrIn-additionrwhen-preparingxiirvature-in-the-both= 

sides edge of a moving part, the stress concentration to the edge at the time of operation is further 
eased by making them into the same curvature. 

[0031] « — 10th operation gestalt» — drawing 10 is the 10th operation gestalt and is the cross- 
sectional view of the fi-ee-piston mold Sterling refi-egerator equipped with the 3rd, 6th, and 9th 
operation gestalt. Cross-section end-shape 2a of a piston 1, the piston side cylinder 3, a displacer 4 
and the displacer side cylinder 5, and the displacer rod 6 and the piston hole 7 which fits in has this 
curvature, respectively. Other bills of materials are the same as that of the conventional article of 
drawing 12 . this operation gestalt — the 1- since the 9th operation gestalt is combined, the stability at 
the time of operation is most excellent, and the input of external power is also suppressed to the 
minimum. 

[0032] « — 1 1th operation gestalt» — drawing 1 1 is the cross-sectional view of the gas bearing pad 
of the 1 1th operation gestalt. Cross-section end-shape 2of gas bearing pad 8a a has curvature. In 
addition, if the formation location of gas bearing pad 8a is the sliding sxirface of the components 
which fit into a moving part or a moving part, there will be especially no limitation. 
[0033] in addition, the 1- since the components which fit into the 1 Itii each moving part or moving 
part of an operation gestalt have the same partial structure as elegance conventionally, it is almost 
same with the components which fit into a conventional moving part or a conventional moving part 
as gas-compression capacity. However, in this invention, by preparing curvature in the edge of tiie 
components which fit into a moving part or a moving part, the stress concentration to the edge by the 
distiu'bance which was a problem conventionally was eased, the input loss fall of reinforcement and 
extemal power was realized, and sliding section structure excellent in assembly nature is realized 
fijrther. 
[0034] 

[Effect of the Invention] According to this invention, the cross-section end shape of the components 
which fit into a moving part or a moving part doubles and becomes easy to assemble a fitting 
location by having curvature in the fitting side, without damaging each part article edge at the time 
of an assembly, even when the path clearance of the fitting section is small. Furthermore, 
reinforcement is realized, while being stabilized and having the high engine performance, since the 
stress concentration to the end of part which fits into the sliding end of part or moving part by 
disturbance can be eased. 

[0035] And generating of weld flash and climax of surface treatment material can be prevented by 
weld flash's occurring, if the edge of the components which fit into each moving part or a moving 
part is used as a right angle, and preparing curvature, although an end of part will rise with surface 
tension etc. when thin film surface treatment is performed if it is made a right angle or beveling 
processing. Consequently, mitigation of an output loss and the damage to a sliding section fi-ont face 
can be controlled. 

[0036] Moreover, according to this invention, the cross-section edge of the components which fit 
into the moving part or moving part which an edge contacts mutually at the time of sliding has the 
same curvature. Therefore, since stress can be equally distributed at the edge of both components 
working when an inclination arises in a moving part according to disturbance etc., the time of 
initiation of operation, and, mitigation of an output loss and the damage to a sliding section firont 
face can be controlled. 

[0037] Moreover, according to this invention, when the cross-section edge of the components which 
fit into a moving part or a moving part has curvature in the fitting side, working medium becomes 
easy to flow into the path clearance of the fitting section at the time of working medium 
compression, and the effectiveness of gas bearing is acquired. Consequently, a gas bearing pad and 
an orifice can be lost and simplification of components and cost reduction become possible. 
Furthermore, since the input of extemal power can be made small, it also becomes the improvement 
in the engine performance as a product, because the gas supply fi-om an orifice becomes 
unnecessary. 
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(5 7) Abstract 

PROBLEM TO BE SOLVED: To facilitate assembling, reduce an 
output loss, permit the restriction of damage on the surface of a 
sliding section, provide a stabilized high performance, realize the 
elongation of a life and, further, eliminate the gas bearing pad or the 
orifice of the sliding section, simplify the parts, and reduce the cost 
as well as the input of an external power, in the structure of sliding 
section for Stirling engine or the like. 

SOLUTION: The configurations 2a of end parts of sectional surfaces 
of sliding parts or parts engaged with the sliding parts are provided 
with a curvature while the configurations 2a of ends of sectional 
surfaces of a piston 1, a piston side cylinder 3, a displacer 4, a 
displacer side cylinder 5, a displacer rod 6 and a piston hole 7 are 
provided respectively with the same curvature. i 
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